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EXPONENTIAL STABILITY OF NONLINEAR FRACTIONAL STOCHASTIC SYSTEM
WITH POISSON JUMPS
P. BALASUBRAMANIAM, T. SATHIYARAJ, AND K. PRIYA
Abstract. In this paper exponential stability of nonlinear fractional order stochastic system with Poisson
jumps is studied in finite dimensional space. Existence and uniqueness of solution, stability and exponential
stability results are established by using boundedness properties of Mittag-Leffler matrix function, fixed
point route and local assumptions on nonlinear terms. A numerical example is given to illustrate the
efficiency of the obtained results. Finally, conclusion is drawn.
1. Introduction
Fractional differential equations (FDEs) have attracted much attention and have been widely used in
engineering, physics, chemistry, biology, and other fields [18]. The FDEs have captured many researchers
[6, 7, 8, 17] through its potential applications. The concept of stability is most important qualitative
property of dynamical control systems since every control system must be primarily stable and only then
other properties can be studied. Unstable systems have no practical significance in the real world situations.
The key problem is to obtain information on the system’s behavior (solution trajectory) without solving
the differential equations. The theory considers the systems behavior over a long period of time, that is, as
t → ∞. The study of stability analysis of fractional order systems can be characterized by its behavior of
the solutions. The question of stability is an interesting one and its study is meaningful in fractional order
stochastic systems. In 1992, the general concept of stability has been defined by Lyapunov [13] for both
linear and nonlinear systems.
Initially, Matignon [14] presented the qualitative properties of stability and asymptotic stability results
for the following autonomous system
dαx
dtα
= Ax, x(0) = x0.
He guaranteed stability results by roots of the polynomials lie outside of the closed angular sector |arg(λ)| ≤
αpi
2 . Further, the above linear autonomous system has been extended to the nonlinear system (see [9]).
The qualitative behavior of stability and asymptotic stability results have been obtained by using Lipschitz
condition. Moreover, by utilizing the fractional order comparison principle, authors in [10, 24] studied the
stability of nonlinear FDEs. In [11], authors introduced the Mittag-Leffler stability of nonlinear FDEs with
order α ∈ (0, 1). The fixed point theorems have been used to study the stability of integer order differential
system by many authors, notably Burton [3]. The stability of Caputo type FDEs of order α (0 < α < 1) has
been considered by Burton and Zhang in [4], via resolvent theory and fixed point theorems in a weighted
Banach space.
The concept of exponential stability plays a crucial role in the dynamical system and its convergence rate
is faster than the asymptotic stability. Further, existence and uniqueness of solutions for stochastic system
with Poisson jumps [5], exponential stability for stochastic partial differential equation [12], exponential
stability for stochastic system with semimartingales [16], existence and stability results for second order
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stochastic system with fractional Brownian motion [19], existence, uniqueness of mild solution and stability
results for second order stochastic system with delay and Poisson jumps [20], exponential stability for second
order stochastic system with Poisson jump [21] and exponential stability for stochastic system driven by
G-Brownian motion [25] have emerged in the literature. In [2] existence and exponential stability of solution
of nonlinear stochastic partial integrodifferential equations have been studied.
However, it should be further emphasized that the stability and exponential stability of fractional stochas-
tic system with Poisson jumps in finite dimensional space is yet to be elaborated, compared to that of integer
order stochastic system. In this regard, it is necessary and important to study the exponential stability of
nonlinear fractional stochastic system with Poisson jumps. To the best of authors knowledge, only a few
steps are taken to use the fixed point theorems to investigate the stability of fractional stochastic system.
There is no work reported in the literature to study the problem of stability and exponential stability of
fractional stochastic system with Poisson jumps in finite dimensional space. In order to fill-up this gap, in
this paper, we study the following nonlinear fractional stochastic system with Poisson jumps
CD
q
0+x(t) =Ax(t) + f(t, x(t)) +
∫ t
0
σ(s, x(s))dw(s) +
∫ +∞
−∞
g(t, x(t), η)N˜ (dt, dη), t ∈ J
x(0) =x0 (1.1)
where J := [0, T ], 12 < q < 1, A is an diagonal stability matrix, nonlinear functions f : J × R
n → Rn, σ :
J × Rn → Rn×n and g : J × Rn × R+ → R
n are continuous. Let {N(t), t ∈ J} is a Poisson point process
taking its values in a measurable space with a characteristic measure of Π. Denote N(dt, dη) as a Poisson
counting measure induced by a Poisson pointing process N(·). N˜(dt, dη) = N(dt, dη)−Π(dη)dt stands for the
compensating measure independent of the n−dimensional Wiener processw(t) and satisfies
∫ +∞
−∞
Π(dη) <∞.
This section ends by highlighting the main contributions of this paper:
• Existence and uniqueness of solution for nonlinear fractional stochastic system is proved.
• Stability results are investigated in finite dimensional stochastic settings.
• Exponential stability results are established using appropriate hypotheses.
• Numerical simulation is given to validate the proposed theoretical results.
The outline of this paper is described as follows: In Section 2, preliminaries are given. In Section 3, stability
and exponential stability results are established for nonlinear fractional order stochastic system with Poisson
jumps by using the Banach contraction mapping and Gronwall’s inequality. We give an example to illustrate
the theoretical results in Section 4. Finally, conclusion is drawn in Section 5.
2. Preliminaries
Let (Ω,F , P ) be the complete probability space with a probability measure P on Ω and let {Ft|t ∈ J} be
the filtration generated by {w(s) : 0 ≤ s ≤ t} defined on the probability space (Ω,F , P ). Let L2(Ω,Ft,R
n)
denotes the Hilbert space of all Ft-measurable square integrable random variables with values in R
n. Let
K={x(t) : x(t) ∈ C(J, L2(Ω,Ft,R
n))} be a Banach space of all continuous square integrable and Ft-adapted
process with the norm ‖x‖2 = sup
t∈J
E‖x(t)‖2, and ξ(ǫ) = {x : x ∈ K : E‖x‖2 ≤ ǫ, ǫ > 0}.
Definition 2.1. [18] Riemann-Liouville fractional operators:
(Iq0+f)(x) =
1
Γ(q)
x∫
0
(x− t)q−1f(t)dt
(Dq0+f)(x) =D
n(In−q0+ f)(x),
and the Laplace transform of the Riemann-Liouville fractional integral is given by
L{Iqt f(t)} =
1
λq
fˆ(λ),
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where fˆ(λ) =
∞∫
0
e−λtf(t)dt.
Definition 2.2. [18] Caputo fractional derivative of order n − 1 < q < n for a function f : [0,∞) → R is
defined as
CD
q
t f(t) =
1
Γ(n− q)
t∫
0
fn(s)
(t− s)q−n+1
ds
and its Laplace transform is
L{CDqt f(t)}(s) = s
qf(s)−
n−1∑
k=0
fk(0+)sq−1−k.
Definition 2.3. [18] Mittag-Leffler matrix function:
A two parameter Mittag-Leffler matrix function type is defined by the following series expansion:
Eq,p(z) =
∞∑
k=0
zk
Γ(kq + p)
, q, p > 0, z ∈ C.
The most interesting properties of Mittag-Leffler function are associated with their Laplace integral∫ ∞
0
e−sttp−1Eq,p(±at
q)dt =
sq−p
(sq ∓ a)
.
That is, L{tp−1Eq,p(±at
q)}(s) = s
q−p
(sq∓a) .
For more details on stochastic settings in finite dimensional space, Riemann-Liouville fractional derivative,
Caputo fractional derivative and Mittag-Leffler function one can refer the papers [22, 23] and the references
cited therein.
Definition 2.4. Trivial solution x(t) ≡ 0 of (1.1) is said to be stable in K, if for any given ǫ > 0 there
exists δ(ǫ) > 0 such that E‖x0‖ ≤ δ satisfies E‖x(t)‖ ≤ ǫ for all t ≥ 0.
Definition 2.5. System (1.1) is said to be exponentially stable if there exists two positive constants µ > 0
and M∗ ≥ 1 such that
E‖x(t)‖2 ≤M∗e−µt, t ≥ 0.
Lemma 2.6. [15] Let p ≥ 2 and g ∈ M2(J,Rn×n) such that
E
∫ T
0
|g(s)|pds <∞.
Then
E
∣∣∣∣∣
∫ T
0
g(s)dB(s)
∣∣∣∣∣
p
≤
(p(p− 1)
2
) p
2
T
p−2
2 E
T∫
0
|g(s)|pds.
Lemma 2.7. [1] For any p ≥ 2 there exists cp > 0 such that
E sup
s∈[0,t]
∥∥∥∥∫ s
0
∫ +∞
−∞
g(ν, z)N̂(dν, dz)
∥∥∥∥p ≤ cp
{
E
[(∫ t
0
∫ +∞
−∞
‖g(s, z)‖2κ(dz)ds
) p
2
]
+ E
[∫ t
0
∫ +∞
−∞
‖g(s, z)‖pκ(dz)ds
]}
.
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Solution of the system (1.1) can be described as follows (see [22])
x(t) =Eq(At
q)x0 +
∫ t
0
(t− s)q−1Eq,q(A(t− s)
q)
[
f(s, x(s)) +
∫ s
0
σ(θ, x(θ))dw(θ)
]
ds
+
∫ t
0
(t− s)q−1Eq,q(A(t − s)
q)
∫ +∞
−∞
g(s, x(s), η)N˜ (ds, dη).
Let us take the following hypotheses for further discussions:
(H1) Functions f , σ and g are continuous and there exists a constant β > 1 and the functions Lf (·), Lσ(·)
and Lg(·) ∈ L
β(J,R+) such that
(i) ‖f(t, x)− f(t, y)‖2 ≤ Lf (t)‖x− y‖
2
(ii) ‖σ(t, x) − σ(t, y)‖2 ≤ Lσ(t)‖x− y‖
2
(iii)
∫ +∞
−∞
‖g(t, x, η)− g(t, y, η)‖2Π(dη) ≤ Lg(t)‖x− y‖
2.
(H2) Following properties hold for t, s ≥ 0
(i) ‖Eq(At
q)‖ ≤ N1e
−ωt, N1 ≥ 1
(ii) ‖Eq,q(A(t− s)
q)‖ ≤ N2e
−ω(t−s), N2 ≥ 1.
(H3) There exist the constants V̂f , V̂σ and V̂g such that
(i) E‖f(t, x)‖2 ≤ V̂f (1 + E‖x‖
2)
(ii) E‖σ(t, x)‖2 ≤ V̂σ (1 + E‖x‖
2)
(iii)
+∞∫
−∞
E‖g(t, x, η)‖2Π(dη) ≤ V̂g (1 + E‖x‖
2).
In addition, we set
1. Q1 =8N
2
2
[
1− e−2ωTα
2ωα
] 1
α
(
T 2q−1
2q − 1
‖Lf‖Lβ(J,R+) +
T 2q
q2
‖Lσ‖Lβ(J,R+) +
T 2q−1
2q − 1
cp‖Lg‖Lβ(J,R+)
)
2. Q2 =8N
2
2
[
1− e−2ωT
2ω
](
T 2q−1
2q − 1
Rf +
T 2q
q2
Rσ +
T 2q−1
2q − 1
cpRg
)
3. Main results
Theorem 3.1. Suppose that hypotheses (H1) - (H2) are satisfied. Then, the system (1.1) has atleast one
solution provided that
M =3N22
[
1− e−2ωTα
2ωα
] 1
α
(
T 2q−1
2q − 1
‖Lf‖Lβ(J,R+) +
T 2q
q2
‖Lσ‖Lβ(J,R+) +
T 2q−1
2q − 1
cp‖Lg‖Lβ(J,R+)
)
< 1 (3.1)
where 1
α
+ 1
β
= 1, α, β > 1. The trivial solution x ≡ 0 of (1.1) is stable in K.
Proof: For each positive number r define Kr =
{
x ∈ K : E‖x‖2 ≤ r
}
. Then for each r, Kr is obviously
a bounded, closed and convex subset of K. Next, we set Rf = sup
t∈J
E‖f(t, 0)‖2, Rσ = sup
t∈J
E‖σ(t, 0)‖2 and
Rg = sup
t∈J
E‖g(t, 0)‖2. Now, we define a operator Φ : Kr → Kr as follows
(Φx)(t) =Eq(At
q)x0 +
∫ t
0
(t− s)q−1Eq,q(A(t− s)
q)
[
f(s, x(s)) +
∫ s
0
σ(θ, x(θ))dw(θ)
]
ds
+
∫ t
0
(t− s)q−1Eq,q(A(t− s)
q)
∫ +∞
−∞
g(s, x(s), η)N˜ (ds, dη).
EXPONENTIAL STABILITY OF FRACTIONAL STOCHASTIC SYSTEM 5
Step: 1. We prove that there exists a positive number r such that Φ(Kr) ⊆ Kr.
E‖(Φx)(t)‖2 ≤ 4E‖Eq(At
q)x0‖
2 + 4E
∥∥∥∥∫ t
0
(t− s)q−1Eq,q(A(t − s)
q)f(s, x(s))ds
∥∥∥∥2
+ 4E
∥∥∥∥∫ t
0
(t− s)q−1Eq,q(A(t− s)
q)
[∫ s
0
σ(θ, x(θ))dw(θ)
]
ds
∥∥∥∥2
+ 4E
∥∥∥∥∫ t
0
(t− s)q−1Eq,q(A(t− s)
q)
∫ +∞
−∞
g(s, x(s), η)N˜(ds, dη)
∥∥∥∥2
= I1 + I2 + I3 + I4. (3.2)
By using (H1)− (H2) and Ho¨lder inequality, we get
I1 = 4E‖Eq(At
q)x0‖
2 ≤ 4‖Eq(At
q)‖2E‖x0‖
2
I1 ≤ 4N
2
1 e
−2ωT
E‖x0‖
2
I2 = 4E
∥∥∥∥∫ t
0
(t− s)q−1Eq,q(A(t− s)
q)f(s, x(s))ds
∥∥∥∥2
≤ 4
∫ t
0
(
(t− s)q−1
)2
ds
∫ t
0
‖Eq,q(A(t − s)
q)‖2E‖f(s, x(s))‖2ds
≤ 4
T 2q−1
2q − 1
N22
∫ t
0
e−2ω(t−s)
(
E‖f(s, x(s))− f(s, 0) + f(s, 0)‖2
)
ds
≤ 8
T 2q−1
2q − 1
N22
(∫ t
0
e−2ω(t−s)Lf(s)dsE‖x‖
2 +
∫ t
0
e−2ω(t−s)E‖f(s, 0)‖2ds
)
≤ 8
T 2q−1
2q − 1
N22
(
r
[∫ t
0
e−2ω(t−s)αds
] 1
α
[∫ t
0
L
β
f (s)ds
] 1
β
+Rf
∫ t
0
e−2ω(t−s)ds
)
I2 ≤ 8
T 2q−1
2q − 1
N22
(
r
[
1− e−2ωTα
2ωα
] 1
α
‖Lf‖Lβ(J,R+) +Rf
[
1− e−2ωT
2ω
])
.
Similarly,
I3 = 4E
∥∥∥∥∫ t
0
(t− s)q−1Eq,q(A(t− s)
q)
[∫ s
0
σ(θ, x(θ))dw(θ)
]
ds
∥∥∥∥2
≤ 8
T 2q
q2
N22
(
r
[
1− e−2ωTα
2ωα
] 1
α
‖Lσ‖Lβ(J,R+) +Rσ
[
1− e−2ωT
2ω
])
and
I4 = 4E
∥∥∥∥∫ t
0
(t− s)q−1Eq,q(A(t− s)
q)
∫ +∞
−∞
g(s, x(s), η)N˜ (ds, dη)
∥∥∥∥2
≤ 8
T 2q−1
2q − 1
N22 cp
(
r
[
1− e−2ωTα
2ωα
] 1
α
‖Lg‖Lβ(J,R+) +Rg
[
1− e−2ωT
2ω
])
.
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From the above estimations, equation (3.2) becomes
E‖(Φx)(t)‖2
≤ 4
{
N21 e
−2ωT
E‖x0‖
2 + 2
T 2q−1
2q − 1
N22
(
r
[
1− e−2ωTα
2ωα
] 1
α
‖Lf‖Lβ(J,R+) +Rf
[
1− e−2ωT
2ω
])
+ 2
T 2q
q2
N22
(
r
[
1− e−2ωTα
2ωα
] 1
α
‖Lσ‖Lβ(J,R+) +Rσ
[
1− e−2ωT
2ω
])
+ 2
T 2q−1
2q − 1
N22 cp
(
r
[
1− e−2ωTα
2ωα
] 1
α
‖Lg‖Lβ(J,R+) +Rg
[
1− e−2ωT
2ω
])}
≤ 4N21 e
−2ωT
E‖x0‖
2 + 8N22 r
[
1− e−2ωTα
2ωα
] 1
α
(
T 2q−1
2q − 1
‖Lf‖Lβ(J,R+) +
T 2q
q2
‖Lσ‖Lβ(J,R+)
+
T 2q−1
2q − 1
cp‖Lg‖Lβ(J,R+)
)
+ 8N22
[
1− e−2ωT
2ω
](
T 2q−1
2q − 1
Rf +
T 2q
q2
Rσ +
T 2q−1
2q − 1
cpRg
)
≤ 4N21 e
−2ωT
E‖x0‖
2 +Q1r +Q2 = r
for
r =
4N21 e
−2ωTE‖x0‖
2 +Q2
1−Q1
, Q1 < 1.
Hence, we obtain Φ(Kr) ⊆ Kr.
Step: 2. We show that Φ is a contraction mapping.
Let x, y ∈ Kr. In viewing of (H1) and (H2), for each t ∈ J, we have
E‖(Φx)(t) − (Φy)(t)‖2
≤3E
∥∥∥∥∫ t
0
(t− s)q−1Eq,q(A(t− s)
q)
[
f(s, x(s))− f(s, y(s))
]
ds
∥∥∥∥2
+ 3E
∥∥∥∥∫ t
0
(t− s)q−1Eq,q(A(t− s)
q)
[∫ s
0
(
σ(θ, x(θ)) − σ(θ, y(θ))
)
dw(θ)
]
ds
∥∥∥∥2
+ 3E
∥∥∥∥∫ t
0
(t− s)q−1Eq,q(A(t− s)
q)
∫ +∞
−∞
(
g(s, x(s), η)− g(s, y(s), η)
)
N˜(ds, dη)
∥∥∥∥2
≤3
T 2q−1
2q − 1
N22
(∫ t
0
e−2ω(t−s)αds
) 1
α
(∫ t
0
L
β
f (s)ds
) 1
β
E‖x(t) − y(t)‖2
+ 3
T 2q
q2
N22
(∫ t
0
e−2ω(t−s)αds
) 1
α
(∫ t
0
Lβσ(s)ds
) 1
β
E‖x(t)− y(t)‖2
+ 3
T 2q−1
2q − 1
N22 cp
(∫ t
0
e−2ω(t−s)αds
) 1
α
(∫ t
0
Lβg (s)ds
) 1
β
E‖x(t) − y(t)‖2
≤3
T 2q−1
2q − 1
N22
[
1− e−2ωTα
2ωα
] 1
α
‖Lf‖Lβ(J,R+)E‖x(t) − y(t)‖
2
+ 3
T 2q
q2
N22
[
1− e−2ωTα
2ωα
] 1
α
‖Lσ‖Lβ(J,R+)E‖x(t)− y(t)‖
2
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+ 3
T 2q−1
2q − 1
N22 cp
[
1− e−2ωTα
2ωα
] 1
α
‖Lg‖Lβ(J,R+)E‖x(t)− y(t)‖
2
≤3N22
[
1− e−2ωTα
2ωα
] 1
α
(
T 2q−1
2q − 1
‖Lf‖Lβ(J,R+) +
T 2q
q2
‖Lσ‖Lβ(J,R+) +
T 2q−1
2q − 1
cp‖Lg‖Lβ(J,R+)
)
× E‖x(t)− y(t)‖2
≤ME‖x(t)− y(t)‖2.
Thus, Φ is a contraction mapping, it has a unique fixed point x(t) ∈ Kr, which is a solution of (1.1).
Now, we prove the stability results of system (1.1). For any given ǫ > 0, there exist
δ =
ǫ(1−Q1)−Q2
4N21 e
−2ωT
such that E‖x0‖ ≤ δ implies that
E‖x(t)‖2 ≤4N21 e
−2ωT
E‖x0‖
2 + 8N22 r
[
1− e−2ωTα
2ωα
] 1
α
×
(
T 2q−1
2q − 1
‖Lf‖Lβ(J,R+) +
T 2q
q2
‖Lσ‖Lβ(J,R+) +
T 2q−1
2q − 1
cp‖Lg‖Lβ(J,R+)
)
+ 8N22
[
1− e−2ωT
2ω
](
T 2q−1
2q − 1
Rf +
T 2q
q2
Rσ +
T 2q−1
2q − 1
cpRg
)
r ≤4N21 e
−2ωT
E‖x0‖
2 +Q1r +Q2
r −Q1r ≤4N
2
1 e
−2ωT ‖x0‖
2 +Q2
r(1 −Q1) ≤4N
2
1 e
−2ωT δ +Q2
r ≤
4N21 e
−2ωT δ +Q2
(1−Q1)
r ≤ǫ.
This complete the proof.
Theorem 3.2. Assume that hypotheses (H2) - (H3) hold. Then, the system (1.1) is exponential stable
provided that
ω > β = N22
[
T 2q−1
2q − 1
([
V̂f + cpV̂g
]
(1 + r)
)
+
T 2q
q2
V̂σ(1 + r)
]
.
Proof:
E‖x(t)‖2 ≤4N21 e
−2ωt
E‖x0‖
2 + 4N22
[
T 2q−1
2q − 1
(1 + r)
[
V̂f + cpV̂g
]
+
T 2q
q2
V̂σ(1 + r)
]
e−2ωt
×
∫ t
0
e2ωsds
e2ωtE‖x(t)‖2 ≤ 4N21E‖x0‖
2 + 4N22
[
T 2q−1
2q − 1
(1 + r)
[
V̂f + cpV̂g
]
+
T 2q
q2
V̂σ(1 + r)
] ∫ t
0
e2ωsds.
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Using Gronwall’s inequality, we obtain
e2ωtE‖x(t)‖2 ≤ 4N21E‖x0‖
2e
(
4N22
[
T2q−1
2q−1
([
V̂f+cpV̂g
]
(1+r)
)
+T
2q
q2
V̂σ(1+r)
]
t
)
.
Consequently,
E‖x(t)‖2 ≤M1E‖x0‖
2e(−
v
2
t).
where v2 = ω − 2β, M1 = 4N
2
1 . This complete the proof.
4. Example
Set T = 1, q = 0.6 and step size h = 0.01. Consider the following equations
CD
q
0+x1(t) =− 0.1x1(t)−
x22(t)
1 − t
− σ1x1(t)dB1 −
(0.2− t)x1(t)e
−t
η
(4.1)
CD
q
0+x2(t) =− 0.1x2(t)−
x21(t)
1 − t
− σ2x2(t)dB2 −
(0.2− t)x2(t)e
−t
η
, t ∈ J1 = [0, 1], (4.2)
where
A =
(
−0.1 0
0 −0.1
)
, f(t, x(t)) =
(
−x22(t)
1−t
−x21(t)
1−t
)
, σ(t, x(t))dw(t) =
(
−σ1x1(t)dω1
−σ2x2(t)dω2
)
,
g(t, x(t), η) =
(
−(0.2−t)x1(t)e
−t
η
−(0.2−t)x2(t)e
−t
η
)
, σ1 = 9.8, σ2 = 10, η = 1.
Now, we need to verify the hypothesis (H1) to estimate equation (3.1). Let us take for any x(t), y(t) ∈ R2
and t ∈ J1 and by simple calculation, one can obtain the following inequalities
• E‖f(t, x)− f(t, y)‖2 ≤ −t E‖x− y‖2
• E‖σ(t, x) − σ(t, y)‖2 ≤ −10t E‖x− y‖2
•
∫ +∞
−∞
E‖g(t, x, η)− g(t, y, η)‖2Π(dη) ≤ −(0.2− t) E‖x− y‖2.
Hence, f, σ and g satisfy the hypothesis (H1), where we set Lf (·) = −(·) ∈ L
β(J1,R
+), Lσ(·) = −10(·) ∈
Lβ(J1,R
+) and Lg(·) = −(0.2 − ·) ∈ L
β(J1,R
+). By simple calculation, one can get ‖Lf‖L2(J1,R+) = −1,
‖Lσ‖L2(J1,R+) = −10, ‖Lg‖L2(J1,R+) = −0.40988, ‖A‖ = 0.1000 and N2 = 1.0202. Next, when we choose
α = β = 2, we get
M =
{
3
(
12×0.6
0.52
)
(1.0202)(1.10885)(−11.4098)
}
=(12.2424)(1.10885)(−11.4098)
=− 16.5630 < 1.
Which guarantees that the equation (3.1) holds. Thus, all the hypotheses of Theorem 3.1 are satisfied. Hence
the equations (4.1)-(4.2) are stable on J1. The corresponding stability results of the system (4.1)-(4.2) are
depicted in the following figures for various fractional order q = 0.6, 0.75 and 0.9. Further, all hypotheses
of nonlinear functions f, σ and g are verified numerically. Hence, by Theorem 3.1, the system (4.1)-(4.2) is
stable on [0, 100].
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Figure 1. Time response of the states x1(t) & x2(t) of the system (4.1)-(4.2) for q = 0.6
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Figure 2. Time response of the states x1(t) & x2(t) of the system (4.1)-(4.2) for q = 0.75
Remark 4.1. The obtained theoretical results are verified through numerical simulation. Here, state response
of the proposed equations is depicted in Figures 1-3 for various fractional order q = 0.6, 0.75, 0.9. The small
figures at in side of the Figures 1-3 represent the stochastic nature of the time response of the states. Hence,
we conclude that the proposed system is exponentially stable.
5. Conclusion
Exponential stability of nonlinear fractional order stochastic system with Poisson jumps is promoted.
Main results have been obtained based on bounded properties of Mittag-Leffler function, Banach contraction
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Figure 3. Time response of the states x1(t) & x2(t) of the system (4.1)-(4.2) for q = 0.9
mapping principle and stability theory. Finally, a numerical example have been provided to show the
effectiveness of the obtained results.
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